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DIRECTIONAL COUPLER USING NON-RADIATIVE DIELECTRIC 

WAVEGUIDE 

BACKGROUND OF THE INVENTION 

5 

FIELD OF THE INVENTION 

The present invention relates to a directional coupler using a non- 
radiative dielectric (NRD) waveguide, and more particularly, to a millimeter 
wave band non-radiative dielectric waveguide directional coupler using a 

10 multiple-hole structure in which two parallel NRD waveguides is located 
between upper and lower conductive plates and a conductive plate having a 
multiple-hole structure is inserted between two NRD waveguides to each other 
to couple electric and magnetic waves of an electric field component or a 
magnetic field component. This is mainly used in a RF (radio fi'equency) 

15 circuit of the millimeter wave band wireless communication system. 

DESCRIPTION OF THE PRIOR ART 

In the conventional directional coupler using the NRD waveguide, a 
method of determining the coupling ratio by adjusting the distance between 
20 two NRD waveguides is often used. As such method, there are three 
methods. A first method is a method of adjusting the coupling ratio by 
positioning two NRD waveguides having straight line shape and parallel to 
each other between the upper and lower conductive plates to adjust the 
distance between two NRD waveguides. A second method is a method of 
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adjusting the coupling ratio by positioning two NRD waveguides bended with 
a predetermined curvature radius between the upper and lower conductive 
plates to adjust the distance between the two NRD waveguides. A third 
method is a method of adjusting the coupling ratio by positioning a NRD 

5 waveguide having a straight line shape and a NRD waveguide bended with a 
predetermined curvature radius between the upper and lower conductive plates 
to adjust the distance between the two NRD waveguides. 

The conventional the directional coupler using the NRD waveguide 
mostly uses a coupling method for adjusting the distance between the two 

10 NRD waveguides. The directional coupler using this coupling method has a 
merit that the structure thereof is simple various coupling ratios can be 
implemented. However, it is difficult to fix the location for maintaining the 
adjusted distance, and it is difficult to reproduce it because the coupling 
distance is adjusted so as to have a desired coupled amount for each 

15 manufacture thereof, thereby it is difficult to adjust an accurate coupling ratio, 
and the curvature loss is generated in case of the directional coupler using the 
bended NRD waveguide. 

On the other hand, beside the conventional directional coupler for 
determining the coupling ratio by adjusting the distance between two NRD 

20 waveguides, there is a branch-line coupler using the NRD waveguide. This 
is 3dB directional coupler designed such that a series arm having an of (1/2)^^^ 
impedance of a characteristic impedance and a 1/4 length of a guided 
wavelength (^g) and a parallel arm having an impedance equal to the 
characteristic impedance and a 1/4 length of Xg are arranged to output 3dB of 
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the half size of the input signal to a through port and a coupled port and the 
phase shift between two ports becomes 90 degree. 

In case of the branch-line coupler using the NRD waveguide, there are 
advantages that it is easy to fix the location and the reproduction thereof is 
5 good. But, it is difficult to implement various coupling ratios, because only 
the 3dB coupler can be implemented according to the characteristics of the 
coupler. 



SUMMARY OF THE INVENTION 

10 Thus, in order to solve the problems of the prior art, the object of the 

present invention is to provide a new type millimeter wave band NRD 
waveguide directional coupler which the location thereof is easily fixed, the 
reproduction thereof is good, various accurate coupling ratios can be 
implemented, and a wide band characteristic is accomplished in the directional 

15 coupler using the NRD waveguide, by using the coupling method different 
from the prior art. 

According to the present invention, a directional coupler using a non- 
radiative dielectric waveguide, comprising upper and lower conductive plates 
having conductive planes opposite to and substantially parallel to each other 
20 and; a first NRD waveguide and a second NRD waveguide formed between 
the conductive plates and composed of dielectric having a predetermined 
permittivity; and a multiple-hole conductive plate formed between the first 
NRD waveguide and the second NRD waveguide and having at least one 
through-hole, wherein the electric field component or the magnetic field 
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component in the transmission mode of the NRD waveguides is coupled 
through the through-hole formed in the multiple-hole conductive plates is 
provided. 

On the other hand, there are various kinds of the first NRD waveguide 
5 and the second NRD waveguide, the first NRD waveguide and the second 
NRD waveguide are hyper NRD waveguides or normal NRD waveguides. In 
addition, the upper and lower conductive plates and the multiple-hole 
conductive plate may be perpendicular to each other or may be parallel to each 
other. 

10 Further, the through-holes of the multiple-hole conductive plate may 

be two rows of circular holes, and it is preferable that the distance between the 
circular holes in a row is ^g/4. 

The signal transmitted through the NRD waveguide may be a 
millimeter wave band signal, and the coupled amount of the directional 

15 coupler may be 20dB, lOdB, or 3dB. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a structural diagram of a directional coupler according to a 
first embodiment of the present invention. 
20 Fig. 2 is an exploded perspective view of the directional coupler in Fig. 

1. 

Figs. 3A to 3D are a plan view, a front view, a side view, and an 
enlarged view for illustrating the structure and the function of the directional 
coupler in Fig. 1 , respectively. 
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Figs. 4 A to 4D are graphs for illustrating actual simulated results of 
the directional coupler according to the first embodiment of the present 
invention. 

Fig. 5 is the structural diagram of the directional coupler according to 
5 a second embodiment of the present invention. 

Fig. 6 is the structural diagram of the directional coupler according to 
a third embodiment of the present invention. 

Fig. 7 is the structural diagram of the directional coupler according to 
a fourth embodiment of the present invention. 
10 Fig. 8A is a concept diagram for illustrating a coupling principle of a 

LSM mode in the present invention, and Fig. 8B is a concept diagram for 
illustrating a coupling principle of a LSE mode. 

Figs. 9A to 91 show various shapes of the through-hole of the 
directional coupler. 

15 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, the millimeter wave band non-radiative dielectric 
waveguide directional coupler using the muhiple holes according to the 
preferred embodiments of the present invention will be explained with 
20 reference to the accompanying drawings. However, the embodiment of the 
present invention can be changed into a various type, and it should be not 
understood that the scope of the present invention is limit to the following 
embodiments. The embodiments of the present invention are provided in 
order to explain the present invention to those skilled in the art. On the other 
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hand, like numerals present like elements throughout the several figures and 
the explanation of the repeated element will be omitted. 

(First embodiment) 

5 Hereinafter, the directional coupler according to a first embodiment of 

the present invention will be explained with reference to Figs. 1 to 4 in detail. 

Fig. 1 is a structural diagram of a directional coupler according to a 
first embodiment of the present invention, Fig. 3A is a plan view for 
illustrating the structure and the function of the directional coupler using the 

10 NRD waveguide in Fig. 1, Fig. 3B is a front view of the directional coupler in 
Fig. 1, Fig. 3C is a side view of the directional coupler in Fig. 1, Fig. 3D is an 
enlarged partial view of A portion shown by a dotted line in Fig. 3C, and Fig. 
2 is an exploded perspective view. 

Referring to Fig. 1, the directional coupler comprises an upper 

15 conductive plate 11a and a lower conductive plate lib having conductive 
metallic component material, a first NRD waveguide 12a and a second NRD 
waveguide 12b composed of dielectric material parallel to each other having 
any permittivity and located between the upper and lower conductive plates, 
and a multiple-hole conductive plate 13 inserted between the two NRD 

20 waveguides 12a, 12b, having the metallic component material and including 
multiple holes 14 penetrated therethrough. Fig. 2 is the exploded perspective 
view of Fig. 1, and the coupling relationship between the elements in Fig. 1 
can be understood by Fig. 2. 

The first and second NRD waveguides 12a, 12b are the Hyper NRD 
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waveguides, and couples the electric field component of a LSM (Longitudinal 
Section Magnetic) mode that is the transmission mode of the NRD waveguide 
or the magnetic field component of a LSE (Longitudinal Section Electric) 
mode. 

5 In the HNRD waveguide, grooves are formed in both surfaces of the 

upper and lower conductive plates 11a, 1 lb and the NRD waveguides 12a, 12b 
are inserted between these grooves. 

Fig. 3A is a plan view enlarging only the dielectric NRD waveguides 
12a, 12b including the multiple-hole conductive plate 13 in order to explain 

10 the structure and the function of the directional coupler using the NRD 
waveguide shown in Fig. 1. In the two parallel NRD waveguides 12a, 12b 
composed of the dielectric having any permittivity, the radio wave incident to 
a (1) input port is progressed along with the first NRD waveguide 12a, and the 
radio wave having a certain coupling ratio is output at a (2) through port in the 

15 first NRD waveguide 12a and a (3) coupling port in the second NRD 
waveguide 12b, by the structure of the multiple-hole conductive plate 13 
composed of metallic material, including the multiple holes 14, and located 
between the first NRD waveguide 12a and the second NRD waveguide 12b. 
At this time, the coupling ratio is determined by the structure of the multiple 

20 holes 14 included in the multiple-hole conductive plate 13. A (4) isolated 
port hardly generates the output by adjusting the distance of the structure of 
the multiple holes 14. 

Fig. 3B is a front view of the directional coupler shown in Fig. 1. 
The two parallel NRD waveguides 12a, 12b is arranged between the upper 



conductive plate 11a and the lower conductive plate lib having the HNRD 
waveguide structure, the multiple-hole conductive plate 13 located between 
the first NRD waveguide 12a and the second NRD waveguide 12b composed 
of the metallic component material, having a thickness (t), and including the 

5 multiple holes 14. 

Fig, 3C is a side view of the multiple-hole conductive plate 13 of the 
directional coupler shown in Fig. 1. The multiple-hole conductive plate 13 
comprises multiple holes 14 arranged in a double line. The multiple-hole 
conductive plate 13 is composed of the metallic component material. 

10 Fig. 3D is an enlarged view of the portion A shown by a dotted line in 

Fig. 3C. The detail structure of the multiple holes can be expressed by an 
distance (D) between the multiple holes arranged in the progressed direction 
of the radio wave, an distance (H) between the multiple holes arranged in the 
direction perpendicular to the progressed direction of the radio wave, and the 

15 diameter of the hole. It can be designed such that the distance (D) between 
the multiple holes arranged in the progressed direction of the radio wave 
becomes A.g/4. In this case, each value is not limited and can be varied as 
needed. For example, the distance (D) between the multiple holes is about 
1mm, the distance (H) between the multiple holes is 1.2mm, the diameter of 

20 the hole is 0.6 to 0.9mm, the number of the coupling holes is 12 to 19 in each 
of the double line, and the thickness of the multiple-hole conductive plate 1 3 is 
0.1mm. 

Hereinafter, the operational principle of the directional coupler 
according to a first embodiment of the present invention will explained with 
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reference to Figs. 3 A to 3D. 

As shown in Fig. 3A, the radio wave is incident to the first NRD 
waveguide 12a, and the multiple holes 14 located in the multiple-hole 
conductive plate 13 are formed in the vertical direction of the radio wave. 

5 Accordingly, when the radio wave is progressed from the left side to the right 
side in Fig. 3D, supposed that the first hole among the multiple holes is 
considered as the reference of the phase and the next hole is a coupled 
structure in the multiple hole structure arranged in the direction perpendicular 
to the progressed direction of the radio wave of the right side, most of the 

10 radio wave is progressed to the through port along with the first NRD 
waveguide 12a, and the remaining radio wave is coupled to the second NRD 
waveguide 12b by the reference hole to be progressed to the coupled port. 
Since the radio wave progressed in the first NRD waveguide 12a has the phase 
of 90 degree in the coupled structure arranged at the location next to the 

15 reference, and the radio wave coupled to the second NRD waveguide 12b at 
the reference and progressed to the coupled port (3) has the phase of 90 degree 
at the coupled structure (Q) located next to the reference, the phases of the 
incident radio wave and the radio waves at the through port (2) and the 
coupled port (3) become 90 degree, that is, in-phase. 

20 On the contrary, since, in the coupled structure immediately next to 

the reference, the radio wave gone back in the reverse direction of the 
progressed direction of the radio wave has the phase of A.g/2 at the reference, 
he phases of the radio waves coupled at the reference are 0 degree and 180 
degree to be cancelled from each other, the radio wave progressed to the 
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isolated port (4) is not generated. This becomes an important element in the 
frequency stability and the directivity. 

Hereinafter, the actual simulation result of the above-mentioned 
directional coupler will be explained with reference to Figs. 4A to 4D. As a 
simulation tool, HFSS (High Frequency Structure Simulator) of Ansoft 
corporation is used, and the simulation is performed, while varying the 
thickness (t) of the multiple-hole conductive plate (13), the distance (D) 
between the multiple holes, the distance (H) between the multiple holes, the 
diameter (R) of the hole, and the number of the multiple hole. 

The first simulation for the directional coupler manufactured such that 
the coupled amount becomes 20 dB by coupling the electric field component 
of the LSM (Longitudinal Section Magnetic) mode that is the transmission 
mode of the NRD waveguide was performed under condition that t=0.1mm, 
D=LOmm, H=1.2mm, R=0.6mm, and the number of the coupling holes is 
12*2 rows. At the result, the frequency transfer characteristic is shown in 
Fig. 4A. In Fig. 4A, S I 1 is a return loss, S_21 is an insertion loss, S 31 is a 
coupled characteristic, and S__41 is an isolated characteristic. It is found that 
the frequency band is 55GHz-60GHz, the coupled amount becomes a very 
smooth value at 20dB when the bandwidth is 5 GHz, and the return loss and 
the isolated characteristic are excellent. 

The second simulation for the directional coupler manufactured such 
that the coupled amount becomes 10 dB by coupling the electric field 
component of the LSM mode of the transmission mode of the NRD waveguide 
was performed under condition that t=0.1mm, D=1.0mm, H=1.2mm, 
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R=0.8mm, and the number of the coupHng holes is 12*2 rows. At the result, 
the frequency transfer characteristic is shown in Fig. 4B. In Fig. 4B, S_ll is 
a return loss, S_21 is an insertion loss, S_31 is a coupled characteristic, and 
S_41 is an isolated characteristic. It is found that the frequency band is 
5 55GHz-60GHz, the coupled amount becomes a very smooth value at lOdB 
when the bandwidth is 5GHz, and the return loss and the isolated 
characteristic are excellent. 

The third simulation for the directional coupler manufactured such 
that the coupled amount becomes 3 dB by coupling the electric field 

10 component of the LSM mode of the transmission mode of the NRD waveguide 
was performed under condition that t=0.1mm, D= 1.0mm, H= 1.2mm, 
R=0.9mm, and the number of the coupling holes is 19*2 rows. At the result, 
the frequency transfer characteristic is shown in Fig. 4C. In Fig. 4C, S_ll is 
a return loss, S_21 is an insertion loss, S_31 is a coupled characteristic, and 

15 S_41 is an isolated characteristic. It is found that the frequency band is 
55GHz-60GHz, the coupled amount becomes a very smooth value at 3dB 
when the bandwidth is 5GHz, and the return loss and the isolated 
characteristic are excellent. 

Next, Fig. 4D shows the directivity derived by calculating the 

20 frequency transfer characteristic curve of the simulations of the directional 
couplers manufactured such that the coupled amounts become 20dB, lOdB, 
and 3 dB, respectively, by coupling the electric field component of the LSM 
mode that is the transmission mode of the NRD waveguide. It is found that 
the three directional couplers have excellent directional characteristics of 



about 30 dB. 

(Second embodiment) 

Hereinafter, the directional coupler according to the second 
embodiment the present invention will be explained with reference to Fig, 5. 

5 But, for convenience of the explanation, the second embodiment will be 
explained based on the difference with the first embodiment. The second 
embodiment is different fi-om the first embodiment in that the first and second 
waveguides 22a, 22b are composed of normal waveguides. That is, in case 
of the hyper NRD waveguide of the first embodiment, the grooves are formed 

10 between the upper and lower conductive plates, and the hyper NRD 
waveguide is inserted therebetween. However, in case of the normal 
waveguide according to the second embodiment, the grooves are not formed 
between the upper conductive plate 21a and the lower conductive plate 21b 
(See Fig. 5). 

15 

(Third embodiment) 

Hereinafter, the directional coupler according to the third embodiment 
of the present invention will be explained with reference to Fig. 6. But, for 
convenience of the explanation, the third embodiment will be explained based 
20 on the difference with the first embodiment. The third embodiment is similar 
to the first embodiment in that the first and second waveguides 32a, 32b is 
composed of the hyper NRD waveguides. However, in the first embodiment, 
the upper and lower conductive plates and the multiple-hole conductive plate 
are perpendicular to each other, while, in the third embodiment, the upper and 
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lower conductive plates 31a, 31b and the multiple-hole conductive plate 33 are 
parallel to each other (See Fig. 6). 
(Fourth embodiment) 

Hereinafter, the directional coupler according to the fourth 
5 embodiment of the present invention will be explained with reference to Fig. 7. 
But, for convenience of the explanation, the fourth embodiment will be 
explained based on the difference with the first embodiment. The fourth 
embodiment is different from the first embodiment in that the upper and lower 
waveguides 42a, 42b are composed of the normal waveguides. In addition, 

10 in the first embodiment, the upper and lower conductive plates and the 
multiple-hole conductive plate are perpendicular to each other, while, in the 
fourth embodiment, the upper and lower conductive plates 41a, 41b and the 
multiple-hole conductive plate 43 are parallel to each other (See Fig. 7) 

Hereinafter, the principle of coupling the electric field or the magnetic 

15 field by the first to fourth embodiments will be with reference to Figs. 8 A and 
8B in detail. Fig. 8A is a concept diagram illustrating the coupling principle 
of the LSM mode, and Fig. 83 is a concept diagram illustrating of the 
coupling principle of the LSE mode. 

First, according to the first and second embodiments, since the upper 

20 and lower conductive plates and the multiple-hole conductive plate are 
perpendicular to each other and two NRD waveguides are located on both 
sides of the multiple-hole conductive plate, the structure capable of coupling 
the electric field component of the LSM mode (Fig. 8A) or the magnetic field 
component of the LSE mode (Fig. 8B) is accomplished. 
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On the other hand, in the third embodiment, the upper and lower 
conductive plates and the multiple-hole conductive plate are parallel to each 
other and the two NRD waveguides are located on and under the multiple-hole 
conductive plate. Accordingly, since the NRD waveguide has necessarily 
5 metallic conductive plates at the upper and lower portions thereof, in the NRD 
waveguides are overlapped like the third embodiment, the metallic conductive 
plates serve as the upper and lower conductive plates (the NRD waveguide 
located at the upper portion thereof is the lower conductive plate and the NRD 
waveguide located at the lower portion thereof is the upper conductive plate). 
10 Accordingly, the structure capable of coupling the magnetic field of the LSM 
mode or the electric field of the LSE mode is accomplished. The coupling 
aspect of the third embodiment is equal to that in the fourth embodiment. 

(Variation) 

On the other hand, in addition to directional couplers according to the 
15 first to fourth embodiments, various variations of the present invention can be 
implement. That is, if the holes are formed between the first waveguide and 
the second waveguide, the shape of the hole is not limited. Figs. 9A to 91 
show the various shapes of the hole. There are one row of the holes (Fig. 
9A), one row of cross-shaped holes (Fig. 9B), two rows of cross-shaped holes 
20 (Fig. 9C), one row of x-shaped holes (Fig. 9E), two rows of x-shaped holes 
(Fig. 9D), one row of <-shaped holes (Fig. 9F), two rows of <-shaped holes 
(Fig. 9G), one row of rectangular holes (Fig. 9H), and two rows of rectangular 
holes (Fig. 91). 

As mentioned above, the present invention can accomplish accurate 
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and various coupling ratios with good reproducibility and can implement the 
directional coupler satisfying the wide band characteristic without curvature 
loss, because the location can be easily fixed by solving various problems 
generated in the characteristics and the structural portion by the existing 

5 method in the directional coupler using a non-radiative waveguide used in the 
millimeter wave band. 

Although the present invention has been illustrated and described with 
respect to exemplary embodiments thereof, the present invention should not be 
understood as limited to the specific embodiment, and it should be understood 

10 by those skilled in the art that the foregoing and various other changes, 
omission and additions may be made therein and thereto, without departing 
from the spirit and scope of the present invention. 
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